MYOCARDIAL fibrosis is defined as a diffuse replacement or invasion of the myocardium by fibrous connective tissue to such an extent that there is interference with the action of the heart.
Eleven patients with this disorder have been studied. The purpose of this paper is to report the hemodynamic findings in these patients as studied by various standard methods including right heart catheterization. The changes in the circulation associated with diffuse myocardial fibrosis have not previously been studied in these ways. Aspects other than pathologic physiology will be reported in a subsequent communication.1
MATERIAL AND METHODS
In 9 of the 11 patients an exploratory thoracotomy revealed a normal pericardium and a grossly diseased myocardium. In 3 of these the diagnosis of myocardial fibrosis was confirmed by microscopic study. In one patient (D.S.) neither operative nor postmortem proof of myocardial fibrosis was available. However, the clinical findings were so clear-cut that inclusion in this series seems warranted. In another patient (E.F.) myocardial fibrosis had developed in association with constrictive pericarditis. Despite surgical relief of the pericardial restriction. this patient eventually died of congestive heart failure. Postmortem examination revealed m) ocardial fibrosis resulting from involvement of the myocardium by the inflammatory process that had produced constrictive pericarditis. This atrium, the end-diastolic pressure in the right ventricle, the diastolic pressure in the pulmonary artery, and the mean pressure in the pulmonary "capillaries" did not differ by more than 5 mm. Hg ( fig. 1 ). Since these pressures indicated abnormal function of both ventricles this group of patients is referred to as the "biventricular" group. Postmortem studies done on 2 of the patients (W. L., E. F.) who exhibited pressure plateaus showed myocardial fibrosis involving both ventricles.
(b) The "left ventricular" group. In 7 patients (G. S., N. L., 1F. O'C., Wn. Wa., 1\I. I., Wm. Wo., D. S.) the pressures relating to the function of the left side of the heart (i.e., pulmonary "capillary" and pulmonary artery pressures) exceeded the pressures in the peripheral veins and the right atrium by at least 5 mm. Hg ( fig. 2 ). Therefore, a plateau was not present. Two of these 7 patients (G. S., N. J,.) have had postmortem examinations. Both showed predominant fibrosis of the left ventricle with relative sparing of the right. The significance of these 2 groups is discussed later in this paper.
3. Pressures in the systemic arteries were within normal limits in all patients. 4 . Eight out of 9 recorded right ventricular pulse contours showed a diastolic dip.
The values observed during catheterization of normal subjects in this laboratory have been used as normal standards.
DIscussIoN
It has been our experience that limited or localized fibrosis of the myocardium produces no signs or symptoms; therefore such fibrosis presumably leads to no major hemodynamic abnormalities. Widespread fibrosis, however, does lead to hemodynamic changes and to signs and symptoms based upon them.' It appears that the hemodynamic effects of myocardial fibrosis depend on the nature, location, and extent of the fibrosis.
The general pattern of hemodynamic changes in this group of patients is conisistent. This consistency stems partially from the fact that this series is a selected group in the sense that at some time in the study of each patient the possibility of constrictive pericarditis was considered.
The data presented indicate that the cardiac failure of myocardial fibrosis is a form of lowoutput failure. As a working hypothesis it is suggested that this low-output failure results from 2 basic physiologic defects, namely, limitation of diastolic filling and impairment of systolic emptying of the heart.
There is impressive evidence of limited diastolic filling. Extensive infiltration with dense fibrous tissue produces a stiffened and restricted myocardium that imposes its own altered characteristics of distensibility on both sides of the heart. This fibrous infiltration is evident by gross and microscopic examination and limited diastolic filling is manifest in the pressure plateau. The absence of a pressure plateau in some patients is not incompatible with this thesis. It appears probable that a pressure plateau is produced by myocardial fibrosis of such distribution that it limits diastolic filling to a similar degree on both sides of the heart. Isaacs et al.8 studied the pathologic physiology of experimentally produced constrictive pericarditis and showed that interference with ventricular diastolic filling was a fundamental defect in this disease. This defect was explained as due to alterations of ventricular volume-elasticity characteristics by the pericardial scar. Production of isolated left ventricular pericardial constriction was followed by pulmonary congestion, as demonstrated by both physical signs and physiologic measurements. Isolated right ventricular pericardial constriction produced a striking increase in peripheral venous pressure, right atrial pressure, and right ventricular end-diastolic pressure. This took place without a concomitant rise ili right ventricular systolic pressure, pulmonary artery pressure, or pulmonary "capillary" pressure. Constriction of both ventricles led to a pressure plateau by producing equivalent increases in all vascular pressures from the peripheral veins to the pulmonary "capillaries."
When myocardial fibrosis is predominantly left-sided there are relatively high pressures in the right ventricle (systolic), pulmonary artery, and pulmonary "capillaries." In such patients the absence of a plateau may be expected. from the right ventricle may show a "diclstolic dip" and those from the right atrium may show an "atrial M." These types of curves were originally described as occurring in constrictive pericarditis. An example of these pressure (contours is shown in figure 3 . In the ventricular curve, after the maximum pressure during systole, the curve falls rapidly but does not reach zero. Having reached its minimum, it rises steeply to a level between maximum and minimum and forms a plateau that does not change further until the onset of systole. The "atrial AI" is characterized by a higher maximum than the normal, and by 2 plateau-like maxima of about equal height.
_Most workers agree that such pressure contours indicate interference with diastolic filling.9 When such curves are due to constrictive pericarditis, removal of the constricting pericardium and improvement in diastolic filling is associated with disappearance of the "diastolic dip" and the "atrial WI."10 So much for the limitation of diastolic filling in patients with myocardial fibrosis. It is now pertinent to discuss the possibility of impairment of systolic emptying in these patients. It is difficult to devise a direct method of imeasuring impairment of systolic emptying and to rule out the effect of inadequate filling on systolic contraction. It seems reasonable to think that a myocardium, the muscle fibers of which are largely replaced by fibrous tissue, suffers impairment of contractility. It pears a probable part of the hemodynamic abnormalities of myocardial fibrosis.
The similarity of the hemodynamic changes in myocardial fibrosis and constrictive pericarditis is striking. A low cardiac output, elevated pressures from peripheral veins to pulmonary "capillaries," a pressure plateau, a "diastolic dip," and an "atrial M" are all findings generally present in both diseases. This similarity in manifestation stems from the fact that the 2 disorders cause similar changes in cardiac dynamics. Both lead to a somewhat rigid envelope of fibrous tissue that mechanically interferes with cardiac filling.
It is apparently not important that in the case of constrictive pericarditis this rigid area is located on the outside of the heart, while in the case of myocardial fibrosis it is situated within the myocardium. Indeed, endocardial fibroelastosis, a disease in which a rigid layer of fibrous tissue invades the inner layer of the heart, has been reported by Clark, Valentine, and Blount"1 to produce hemodynamic changes identical with those described above.
Since it has been shown that all 3 disorders, constrictive pericarditis, myocardial fibrosis, and endocardial fibroelastosis, have similar physiologic defects, it is not surprising that they present clinical pictures that are remarkably similar.' 2
It is important to ask whether the patients reported here are really representative of the wide spectrum of patients with myocardial fibrosis. Hansen, Eskildsen, and Gdtzsche'0 have reported a single case of myocardial fibrosis with findings similar to those described above. Hetzel, Wood, and Burchell"1 have reported the results of cardiac catheterization in one patient with amyloid disease and in another with idiopathic heart failure. In each case the catheterization findings were similar to those reported in the present paper. Therefore, this group of patients does appear to be representative of patients with diffuse myocardial disease.
SUMMARY
The hemodynamic findings in 11 patients with diffuse myocardial fibrosis are described. Myocardial fibrosis can lead to low-output failure. The low output results from interference with diastolic filling and probably also from interference with systolic emptying of the heart. The interference with diastolic filling is related to changes in the volume-elasticity characteristics of the fibrotic myocardium. Two 
